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VENUS SWINGBYS for MANNED MARS MISSIONS
DURING the 1978-1986 PERIOD

Arthur A. Vander Veen+

The Venus swingby mode of msnned Mars missions is in-
vestigated in depth to determine if this mode can be
effectively used to extend the window of available
launch opportunities during the 1978-1986 period. Ve-
locity contours are plotted in two and three dimensions
to reveal the undulating characteristics of the Venus
swingby trajectory surfaces. It is noted that certain
regions of a trajectory surface may overlap or be other-
wise obscured from view, when the contours are plotted
in the conventional manner. The criterion for mission
evaluation is the mass required to be placed in Earth
orbit (MEO). MEO versus trip duration is plotted for
various trajectory leg combinations of swingby missions
in 1978, 1979, and 1983. MEO values for these missions
as well as for swingbys in 1984 and 1986 are compared
to those for the opposition class missions in the same
time period. Nuclear propulsion and aerodynamic braking
at Mars are considered. Results indicate that the tim-
ing incompatibilities associated with the #5-type swing-
by missions are more severe than is currently appreci-
ated. By virtue of the availability of only #5-type
swingby missions in 1978 and 1984, attractive swingby
missions are not available during each opposition period
to reduce the MEO requirement over direct missions. It
is found that MEO requirements of the 1979 and 1983
swingby missions and the 1986 opposition class direct
mission are all very nearly equal for a given propulsion
mode. Aerodynamic braking at Mars can yield mass sav-
ings of up to 60 per cent.

INTRODUCTION

Launch opportunities for direct round trip flights to Mars occur periodi-
cally with the Mars opposition cycle. However, the mass required in ini-
tially Earth orbit (MEO) is strongly dependent upon Mars' relative posi-
tion in its eccentric orbit--the least mass being required for encounters
near Mars' perihelion. A tabulation of Mars opposition dates and their
associated heliocentric longitudes shows that fifteen oppositions com=-

prising thirty-two years are required before the angular position cycle

+ Member of Technical Staff, Bellcomm, Inc., Washington, D. C.




is approximately repeated.¥ On the average, then, an opposition period
requires about 2.1 years, during which time the heliocentric angle ad-

vances forty-eight degrees.

The five oppositions from 1978 through 1987, in addition to spanning an

era in which manned Mars missions will probably be of prime interest,

also span the range of launch 4dif-
ficulty with respect to propulsion
requirements. Opposition-class

trips typically arrive at Mars
shortly after the date of opposi-
tion. It is noted in Fig. 1 that

in the 1978 mission Mars is en-

countered just eight degrees be- \
e
yond Mars' aphelion, while in 1986 \ng;ﬁxﬁgﬁgaa
. INDICATE THE TREND
encounter occurs at a true anomaly N \L\l
240° ‘

of thirteen degrees. The lengths

of the position vectors illustrate

FIG. | MEO AS A FUNCTION OF MARS ARRIVAL ANOMALY
FOR THE 1978 - 1984 DIRECT FLIGHT MANNED MARS

the strong variation in mass re- MISSIONS, (C-C~C~CA MoDE)
quirements associated with the respective launch opportunities. It is
seen that for the vehicle parameters assumed a three-to-one variation

exists between the 1978 and 1986 opportunities.

The MEO variation with opposition year is considerably less pronounced

when nuclear propulsion systems and/or aerodynamic braking at Mars is

?

considered (Fig. 2). How- [——"
MOoDKS -
ever, these modes are not now of1 A—cc-c-ca]

B — C-A—C—CA

operational, and other means D= N-A-N-CA”]

of providing realistic launch

opportunities for each opposi-

MEO (LBS. x 1079
-

tion period should be sought.

The Venus swingby mode, as it

was called by Sohn® in 1963, |———-—»—--:ﬂ: :ﬂ:{
utilizes a close approach to ARINIRInInN BB ,'l"ﬂ_

A B8 C D |A B C c A B, C D {A 8 C o A B ¢ O
1978 1980 1982 1984 1986

OPPOSITION YEAR

Venus on one of the trajectory

FIG. 2 MEO VARIATION WITH OPPOSITION YEAR
FOR DIRECT MISSIONS.

¥ The MEO cycle requires approximately sixteen years.

+ See Table 1 for propulsion mode nomenclature.



legs to favorably perturb the trajectory and reduce the high Earth arriv-
al velocities associated with the direct mission mode. The feasibility
of this mode has been demonstrated by a number of authors in studies that
investigate the availability of Venus for this purpose and determine the
extent of mass savings that may be realized for specific missions.
Deerwester2 analyzed swingby missions in 1975, 1978 and 1980 to establish
minimum mass requirements for comparison with direct mission requirements,
and he presented the method of graphically displaying the swingby tra-

Jectory data currently in use.

This paper investigates in depth swingby missions during the 1978, 1980
and 1982 opposition periods with supplementary data for those of 1984 and
1986. The intent is to learn more about the effect on MEO of varying
swingby parameters, such as Venus passage date, first and second leg trans-
it time, total trip duration and stopover time, and also to note any shift

of the optimum caused by changes in propulsion modes.
VENUS SWINGRY MISSION OPPCRTUNITIES

As stated earlier, fifteen Mars oppositions comprising thirty-two years

is required for the same Sun-Earth-Mars configuration (syzygy) to approx-
imately repeat itself in absolute space. This syzygistic cycle--to use
the nomenclature of Gillespie and Ross3-—also includes the planet Venus,
which comes into alignment with Mars seven times during each three Mars-
Earth opposition periods--one syzygistic period. Once during each syzy-
gistic period the same relative position of the three planets is repeated,

and once each cycle their positions are repeated absolutely.

Gillespie and Ross classified the various types of Venus swingby missions
(for either outbound or homebound Venus encounters) according to the num-
ber of its associated Mars-Venus alignment from the reference date of
August 24, 1978 (JD 244 7032), when the three planets and the Sun are all
in glignment. Of the seven types theoretically possible only the #3- and
#5-types survive the practical analyses of timing compatibility and com=-

petition with direct mission opportunities.

As was seen in Figs. 1 and 2 for the direct missions, launch favorability
improves from the worst case in 1978 to the most favorable case in 1986.
Therefore, Venus swingby missions in the late 1970's and early 1980's are
likely to reduce the mass requirements more significantly than those in

the mid 1980's when direct mission opportunities are favorable.




In order to represent a general cross-section of Venus swingby missions

without requiring inordinate amounts of computation, the missions and

modes listed in Table 1 were Table 1

selected. (The dates corre- VENUS SWINGBY MISSIONS STUDIED

spond to Mars-Venus align- Mission Pmﬁgi:-i-on Stgf:em

ments. ) The November 27’ June 27, 1978 Homebound No. 5 g:ﬁ:g:g: ig gz:

1984 homebound #5 and June 9, 1979 Outbound No. 3 ©-C-C-CA 8 - 13 Days
C-A-C-CA 8 - 13 Days

October 23, 1985 outbound Ao g:iggz:

#3 trajectory parameters were Jenuary 31, 1983 Homebound No. 3 C-C~C-CA 10 Days
C-A-C-CA 10 Days

obtained from Ref. 3 without ramon o r D

optimization, but were run November 27, 1984 Homebound No. S C-C-C-CA 18 Days

under common ground rules to October 23, 1985 Outbound Fo. 3 C~C=C=CA 29 Days

#C--Chemical
present comparable data for F--Nuclear

A--Aerodynamic braking at Mars (totally)
CA--Chemical retro to 50,000 fps at Earth, if required, and aero-

the full range of direct dynamic braking from speeds up to 50,000 £ps.
. A e (The sequence is Earth escape-Mars retro-Mars escape-Earth retro
mission launch favorability. and capture)

VELOCITY CONTOURS~-~-TRAJECTORY SURFACES

The velocity contours were plotted from interpolated trajectory data gen-
erated with the Medium-Accuracy Interplanetary Transfer computer programs
that were used to generate the data found in the "Planetary Space Flight
Hand.book".l‘L Velocity contours, or more appropriately, trajectory surfaces
upon which curves of constant velocity are plotted, are shown for both the
direct and swingby legs for each of the missions considered. When properly
paired, these surfaces represent mathematically possibly trajectory-leg
combinations, which comprise round trips to Mars and pass close to Venus.
Practical considerations restrict the surface areas of interest to those
regions at which the departure and arrival velocities at both Mars and
Earth are not prohibitively high and at which the trajectories are not re-

quired to pass through the planet Venus.

The direct-leg trajectory surfaces represent unique prograde trajectories
for given date-pairs according to Lambert's law, which states that there
exists a single heliocentric conic trajectory connecting two planets when
the date of departure from the first planet and the date of arrival at

the second planet are specified. However, since the swingby leg is it-
self a combination of two direct legs (matched by date and velocity at
Venus ), some regions of the swingby trajectory surfaces are double-valued;
i.e., there exist two possible trajectories (that pass Venus at two dif-

ferent dates) for the same Earth-Mars date-pairs. These regions are

4




characterized by crossing of the velocity contours (e.g., see Fig. T),
when the three-dimensional surface is projected on a plane in the conven-
tional menner. In most cases, fortunately, the double-valued regions lay
outside of the areas of practical significance by reason of insufficient
Venus passage distance or excessive velocity. However, cases have been
encountered in which surface undulations obscure regions of possible in-
terest because of the manner in which the surfaces was projected for illu-
stration. Fig. 3B shows a region of possible interest, which when plotted
in the conventional menner is viewed almost tangentially to the surface.
The trajectory details are seen to merge to the extent that they cannot be
accurately interpreted. By plotting the surface in terms of Venus passage
date, which rotates this surface by ninety degrees, a new projection is

obtained which presents the data clearly (Fig. 3C).

The #5-type Venus swingby trajectory surfaces, in particular, undulate so
wildly, possessing high ridges and plateaus and deep valleys, that it is
difficult to assess whether or not all areas of practical interest have
been investigated. Indeed, a region of perfectly acceptable trajectories
in addition to those presented exists for the 1978 homebound #5 with al-
most identical velocity requirements, but with trip durations extended by

about one-hundred days.
MISSION PROFILE AND VEHICLE CONSTRAINTS

The primary criterion for mission evaluation is the mass required to be
placed in Earth parking orbit by the launch vehicle, which, obviously,
depends upon the assumptions made regarding vehicle propulsion parameters
for each stage of the mission. However, since this paper is not concerned
with establishing an accurate set of launch vehicle design specifications,
little significance should be placed upon the performance parameters as-
sumed for the basic vehicle as long as they represent values that are at-
tainable, or nearly so, in the time span of interest. Although the cal-
culated values of MEO are given for the missions considered, the emphasis
should be placed upon the variation in MEO and trip duration with opera-
tional mode and mission year. The mission profile, module weights, and
propulsion parameters used in the MEO calculations are given in Table 2.
Aerodynamic braking from speeds up to 50,000 fps is assumed at Earth ar-

rival in all cases, and some missions consider aerodynamic braking at Mars
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as well.
neuvering to achieve the desired
Martiasn parking orbit. Ideal
AV's were corrected for gravity-
losses by reference to curves
prepared from integrated-trajec-
tory data, Nuclear propulsion
was considered for a few refer-
ence missions for comparison

purposes.
MEO DETERMINATION

The purpose of plotting the ve-
locity contours is to provide the
mission analyst with a graphic
display of possible trajectories
from which he can select optimum

round trips on a velocity basis.

In the latter case a 500 fps AV allowance was assumed for ma-

Table 2
MISSION CONSTRAINTS
Mission Profile

Escape from 100 nm Earth parking orbit.

Retro or aserodynamically brake into Mars parking orbit.

Descent and Ascent propulsion system weights including
in MEM weight. Allov 500 ft/sec maneuvering &V
at Mars for purposes of parking orbit correction
when aero-braking mode is used.

Escape from 100 nm Martian parking orbit.

Aero-brake from speeds up to 50,000 fps at Earth arrival.
Retro-thrust to 50,000 fps if necessary.

Module Weights

Mission Module (MMM) 90,000 1lbs
Excursion Module (MEM) 47,500 1bs
Recovery Capsule (Not including heat shield) 10,000 1bs
Expendable Usage Rate S50 1bs/day
Heat Shield weights in accordance with Ref. 5
Propulsion Parameters

Chemical Nuclear

Isp A Isp A T/We T/Yn't
Earth Escape u6s .ok 800 .85 6 .25
Mars Retro W65 .92 800 .84 6 .10

330% .90%
Mars Escape u6s .92 Boo .8k 6 .25
Earth Retro L6s .86

specific impulse

A - mass fraction
thrust/engine weight
thrust/total weight

storable propellant for 500 fps maneuvering AV during Mars
sero-braking.

Since vehicle performance parameters and propulsion mode affect the op-

timum trajectory based on minimum MEO, this trajectory cannot be readily

determined, and although it yields a lower bound on the mass requirement

for a particular mission year and establishes representative leg and trip

times, the minimum MEO trajectory yields no insight into the effects of

mission variations.

In order to determine the effect of variations in launch date, Mars ar-

rival date, stopover time, Venus passage date, and trip duration, a series

of trajectories were selected which span the regions of primary interest

on the trajectory surfaces.

For a given Mars stopover time the desired

trajectory variations were obtained by changing Venus passage date, Mars

arrival date, and Earth departure date in turn.

The corresponding tra-

jectory information was used with a spacecraft weight computer program

to yield the desired array of MEO values.

RESULTS

1978 Homebound #5 Venus Swingby Mission

As stated in the introduction, it would sppear that because the mass re-

quirements for the opposition class direct missions in 1978 are prohibitively




high (greater than 6-million lbs for the C-C-C-CA* mode), the Venus swing-
by mode would demonstrate its greatest mass-savings potential during this
mission year. However, this 1s not the case. Timing problems are encoun-
tered at Mars to the extent that low energy round trips would require the
spacecraft to leave Mars prior to its arrival there. Since at least a
short stopover period was assumed for the basic mission philosophy, the
existing timing incompatibility was accepted, and the best trajectory-leg

combination was determined on a minimum-mass basis.

Fig. 4 shows the mass variation with Venus passage date for three Earth
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departure dates and reveals that the optimum passage date occurs just

after JD 2Lk 3752.

Because more data was available for a passage date

of JD 2kl 3750, this date was used and held constant for the curves of

Fig. 5, which illustrate the MEO variation with Earth departure date for

. +
four Mars arrival dates.

The minimum MEO trajectory is indicated by

the marker and identifies JD 24h 3580 as the optimum Mars arrival date.

These two dates define the optimum swingby trajectory and the Mars ar-

rival date for the direct outbound leg.
parture date is shown in Fig. 6.

the effect of launch delays,

The MEO variation with Earth de-
This curve can be construed to represent

because the timing incompatibility at Mars

places a constraint on the arrival and departure dates at Mars and, hence,

on the swingby trajectory.

¥ See Table 1 for propulsion mode descriptions.

+ Or four Mars departure dates, since 10-day staytimes were used.

Trip duration is, therefore, directly related



to Earth departure date-- "

a result demonstrated by b

the equal spacing between

the abscissas of the points i

on the curve. It is also

4
//fe
\

. . . R R .
n0ted 1n thls fl gure th at EARTH DEPARTURE DATES INOICATED ] _-/
¥ 2843580 NARS ARRIYAL DATE

early launches of more than 2883590 MARS DEPARTURE DATE

2443752 VENUS PASSAGE DATE
ten da.ys result in consid- ! A- MINOM WED: 5.3 x 108 LBS o ¥z% DAYS
erably higher MEO require- 0 L L L L J
ments. This effect may be Totat Tris vration (days)

- FIBURE 6. MEO VARIATION WITH EANTH DEPARTURE DATE FOR THE |87

explained 'by refe rr]‘_ng to WOMEBOURD #5 VENUS SWINGEY NiSSION (N-N-8-CA WODE)

Fig. 3A and noting that these trajectories lie near the 180°-transfer

ridge where they are highly inclined to the ecliptic plane.

The effect of changing the Venus passage date from JD 24L4 3750 to

JD 24l 3752 is not noticeable in the MEO results, and both swingby tra-
jectories arrive at Earth within one-tenth of a Julian day of each other.
The change results in a closer passage distance and greater bend angle at
Venus, causing the trajectory to terminate at the same heliocentric posi-

tion at Barth encounter.

The trajectory data representing the minimum-MEO trip for the 1978
N-N-N-CA mission is given in Table 3. It is noted that the mass require-
ment remains prohibitively high--higher than for opposition class missions.
However, since relatively short trip durations are required (~ 425 days),
if other means of reducing MEO (e.g., elliptical Martian parking orbits

or aerodynamic braking at Mars) could be provided, this mission year

could yield an attractive launch opportunity.

1979 Outbound #3 Venus Swingby Mission

Some difficulty was encountered in plotting and interpreting the 1979 out-
bound #3 trajectory surfaces, because some of the velocity contours of the
swingby surface appeared to cross each other (Fig. TA). A three-dimensional
plot was made (Fig. 8 ), which reveals that the surface is saddle-shaped
and has a large ussble region extending upward from the 1.0 Venusian radius

contour.

Fig. 9 shows that the optimum Venus passage date on a minimum-mass basis is

JD 24l 4000 for the three Earth departure dates indicated, when the
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F1G. 8 3-DIMENSIONAL {LLUSTRATION OF THE 9 JUN 1979 OUTBOUND
#3 VENUS SWINGBY TRAJECTORY SURFACE

C-C-C-CA propulsion mode is used. These dates correspond to trajectories
that lie in the ridge region of the saddle-shaped surface, where departure
velocities are at their minimum for a given Mars arrival date. By speci-
fying an Earth departure date and a Venus passage date, the outbound
swingby trajectory and, hence, the Mars arrival date is determined. Tra-
jectory variations can then be made on the direct homebound leg. Fig. 10
shows the MEO variation as a function of Earth arrival date for the three
swingby trajectories considered. The dashed curves represent homebound
trips of equal duration. The flatness of these curves can be explained
by analysis of Figs. 11 and 7. Earth, at a typical arrival date, is in
such a position relative to Mars at the Mars departure date that essen-

tially the same Mars departure conditions exist for a whole series of

11




trajectories associated with incremented trip durations. This theory is
graphically confirmed in Fig. TB by the lack of any appreciable Mars de-
parture velocity gradient for Earth arrival dates between JD 244 4350 and
JD 24k 4400. 1In addition, the assumption was made that Earth entry would
be accomplished by aerodynamically 7

breking from speeds up to 50,000
fps, which nullifies* the effect ¢

of crossing the existing Earth

arrival velocity contours in the

direction of their steepest grad-~

2443840
. P = EARTH
ient. The minimum-MEO trajectory . N /4,w"“ il

DATES
is listed in Table 3. \ / 2443830

A similar set of curves is shown
for the C-C-C-CA mode in Fig. 12.
For this case an additional Earth

MEOQ {1bs. x 10-%)

——

1] —

departure date was considered to % 9 w000 02 o4

Venus Passage Date (Julian Date)

illustrate the effect of leaving
O S eEAT T SR EEHRY B oee

. : =C=C- GBY MISSION

the ridge area of the swingby tra-

Jectory surface. The most significant effect of changing propulsion modes,
aside from the derived reduction in MEQ requirements, is the extent to
which the trajectory parameters are biased toward earlier Mars arrival and
departure dates while maintaining equivalent trip durations. Here, again,
the steep velocity gradient is nullified by means of aero-braking to the
extent that the outbound swingby trip is shortened some forty days and

the direct homebound leg d

- EARTH YENUS MARS WARS
is lengthened by the - I . T L o
. A 243830 204000 ¢ 1,208 NS4 a8 100
same amount (produc ing [] 2043036 2004000 o (,3290 2084159.7 w70
s t 38%0 W00 # 1. 38R ™e2.0 P
- = = =—CURVES OF CONSTANT SWINGBY TRIP DURATION
a more ne arly Hohmann- OPTIMM PASSAGE DATE FOR C-C-C-CA MODE

type transfer back to
Earth)., Fig. 13 shows
the optimum MEQ vs. AT

V7
v

curves for the various '

propulsion modes con- °

s 500 528 550
Trip Duration (days)

sidered. _
FIGURE 10. MEO ¥S. AT FOR VARIOUS TRAJECTORIES PASSING YENUS AT 2943000 J.0."
(1979 C-C-C-CA YEWUS SWINGBY MISSION)

¥ Except for small changes in heat-shield weight.
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1983 Homebound #3 Venus Swingby Mission

The 1983 Homebound #3 swingby trajectory surface is seen in Fig. 1L to be

well-defined with minimum Mars departure velocities occuring at Mars de-

parture dates of approxi-
mately JD 24h 5243, if re-
turn trips of 300-days du-
ration are allowed. How-
ever, the direct-leg sur-
face shows that the trajec-
tory parasmeters are biased
toward somewhat earlier Mars
arrival dates, and the
trade-off optimizes at a

JD 24k 5222 arrival for a
ten day stopover period.
Fig. 15 shows the MEO vs.

AT variation as functions
of Venus passage date, Mars
arrival date, and Earth de-
parture date. The "tails"

on the Earth departure and
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MISSION PLAN OF THE 1979 OUTBOUND #3 VENUS SWINGBY MISSION

Mars arrival curves are due to encounter with the 180°-transfer ridge on

the direct-leg trajectory surface.

Jectory is found in Table 3.

A comparison was made be-
tween 10- and 20-day stop-
over periods at Mars using
nuclear propulsion, and
the results indicate that
the swingby leg is short-
ened by about twenty days
to achieve a 2.3% reduc-

tion in MEO.
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1984 Homebound #5 and 1985 Outbound #3 Venus Swingby Missions

Based on the swingby trajectory surfaces illustrated in Ref. 3, velocities

and dates representing typical trajectories for the 1984 homebound #5 and

1985 outbound #3 Venus swingby missions were selected to detérmine cor-

responding MEO's. The first
1984 trajectory used in the
mass calculations resulted
in an MEO requirement in
excess of 5-million 1lbs,
which did not appear at all
reasonable in view of the
downward trend of mission
requirements with opposi-
tion year. The trajectory
data were more closely an-
alyzed to obtain better tra-
jectory parameters, and the
resulting mass requirement

in orbit was found to be
L,6-million lbs. While this
value still remains inordi-
nately high for a 1984-5
mission year, it must be
remembered that the mission
considered is a #5-type with
its inherent timing incompat-
ibility at Mars. Also, when
compared with the similar #5
mission in 1978 using the
chemical mode, it is realized
that a reduction by a factor
or two was achieved by chang-

ing the mission year.

The single trajectory analyzed
for the 1985 outbound #3 mis-

o (16e. x 10°%)

sion resulted in an MEO require-

ment of just over 2-million lbs

7
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ilwl( 13, OPTIMUM MEO ¥S. AT CURVES FOR YARIOUS PROPULSION MODES OF
THE 1979 VEWUS SWINGOY WISSION
Table 3
MINIMUM-MEO TRAJECTORIES
Terminal
Velceity
Event Julian Date Calendar Date (emos)
25 Jun 1978 Homebound #5,
N-N-N-CA Mode, 42L-Days,
5.32-million 1bs
Earth Departure 2Lk 3398 12 Sep 1977 .2M7
Mars Arrival 2hh 3580 13 Mar 1978 .2819
Mars Departure 2kL 3590 23 Mar 1978 .2937
Venus Passage 2Lk 3752 1 Sep 1978 .2522 @1.658R
Earth Arrivel 2LL 3822 10 Nov 1978 .L111
9 Jun 1979 Outbound #3,
C-C-C~CA Mode, 525-Days,
2.12-million lbs
Earth Departure 24l 3840 28 Nov 1978 .1687
Venus Passage 24k 4000 T May 1979 .3338 €1.3LSR
Mars Arrival 2Lk L4162 16 Oct 1979 .1685
Mars Departure 2kk kiTo  2b Oct 1979 .1509
Earth Arrival 2L 4365 6 May 1980 .1871
31 Jan 1983 Homebound #3,
C-C-C-CA Mode, 550-Days,
2.2T7T-million lbs
Earth Departure 2uh 4982 13 Jan 1982 .1502
Mars Arrival 2Lk 5202 10 Sep 1982 .1298
Mars Departure 2Lk 5232 20 Sep 1982 .21L1
Venus Passage 2Lk 5387 22 Feb 1983 .3878 €1.85LR
Earth Arrival 2hh 5532 17 Jul 1983 .2099
27 Nov 1984 Homebound #5,
C-C-C-CA Mode, 46L-Days,
4.59-million 1bs
Earth Departure 24k 5750 20 Feb 1984 ,1350
Mars Arrival 24h 5896 6 Apr 1984 .2750
Mars Departure 2kL 5914 2 Aug 1984 1762
Venus Passage 2kl 6084 19 Jan 1985 81.6R
Earth Arrival 2uh 6214 29 May 1985 .1300
23 Oct 1985 Outbound #3,
C-C-C-CA Mode, 560-Days,
2.02-million 1lbs
Earth Departure 2Lk 6150 26 Mar 1985 .1k
Venus Passage 2Lk 6315 8 Sep 1985 61.6R
Mars Arrival 2hl 6490 1 Mar 1986 .20
Mars Departure 2Ll 6519 30 Mar 1986 .11
Earth Arrival 2hkh 6710 7 Oct 1986 .11
14
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for the chemical mode.
This value appears rea-
sonable in view of the
1979 and 1983 #3 mis-

sions, and no attempt

HEO (1be x 10°Y)

was made to optimize

/—“ .

N

!
\

MTE = 180308,
IMVING YARIATION WiTR

EMATR-ARIVAL. BATE =

AT FOR OPTHEN BAMERONSH SWINGRY LIS

200451)

GARTR DEPARTHRE DATL
ya

. . NN {H £ .
the mission. SN // :
. 2 i E\iﬁ % /
MEC requirements for oo e ovris et mosemna /{5 R F Ey
VEBUS PARSMME DATE e 'lll::ﬂ,-:l:: M":::IHL e
each mission consid- ' ﬂrmnml —
ered are compared with o e . + L L
opposition class mis- Total Trip buration (days)
sions in Fig. 16. FIGURE 15. OPTIMM TRAJECTORY CURYES FOR THE 1963 NOMEBOUWRD
§3 YERUS SWINGDY MISSION (C-C-C-CA MODE)
7
C—1 DIRECT (OPPOSITION
. CLASS) MISSIONS
] WA \egys swinGBY
6 MISSIONS
PROPULSION
MODES
SH ——r——
A—C—C—C—CA
_ 7 B—C—A—C—CA
/A
/ C—N—N—N—CA
& 4 % D—N—A—N—CA
' 7
e 7
7
x /]
. 2
&? 7
J 3 B %
5 é
g1 ’
A I %
7
’
7
it | - A OH = e -
7
/A
7
4 ”
7
0 7
A B ¢ DA B Cc DA B € D c op |A B € D
1978 1980 1982 1984 1986
OPPOSITION YEAR
F1G. 16 MEO REQUIREMENTS FOR DIRECT AND SWINGBY
MISSIONS FOR THE 1978 - 1986 OPPORTUNITIES
CONCLUSIONS

A number of conclusions can be made regarding Venus swingby missions in

general based on the set of missions studied here:
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1. The Venus swingby mode does not provide attractive launch opportu-
nities for all opposition years without recourse to nuclear propul-
sion or aerodynamic braking at Mars, because of the timing incom-

patibilities associated with the #5-type missions.

2, The timing incompatibility at Mars associated with the homebound #5-
type missions is more severe than is indicated in the available lit-
erature, and, based on the data presented in Ref. 3, it appears that
the outbound #5-type missions suffer from timing incompatibilities

just as severely as do the homebound types.

3. The mass requirements of the 1979 outbound #3 swingby, 1983 homebound
#3 swingby, and the 1986 direct missions are all very nearly equal for
a given propulsion mode. The significance of this result is that a
vehicle designed for the minimum requirements of any opposition class

mission could as well be used in 1979 or 1982 for Venus swingby missions.

. Aerodynamic braking at Mars yields mass savings of up to 60%, depending

on mission year and propulsion mode.

5. The effect of variations in stopover duration must be investigated for
the specific mission under consideration but is found to vary with pro-

pulsion mode.
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